Please substitute the paragraph beginning at page 1, Hne 4 and ending at line 
15. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

-This invention relates generally to an exposure apparatus and a de\ ice 
manufacturing method using the same. More particularly, the invention is concerned with an 
exposure apparatus as a stepper, for example, and a device manufacturing method using the 
same, suitable applicable to the manufacture of various devices such as ICs, LSls, CCDs, liquid 
panels or magnetic heads, by, for example, illuminating a circuit pattem of a reticle with pulse 
light from an excimer laser, for example, and by projecting the illuminated circuit pattern onto a 
wafer.—. 

Please substitute the paragraph beginning at page 1, line 16 and ending at line 
25. A marked-up copy of this paffagraph, showing the changes made thereto, is attached. 

--Recently, in an exposure method us an ultra-high pressure Hg lamp, various 
attempts have been made to enhance the resolution by changing the exposure wavelength to i- 
line from g-line. Also, many proposals have been made to use pulse light of a shorter 
wavelength, as represented by an excimer laser, to increase the resolution. The use of short 
wavelength light is effective to enlarge the depth of focus with the reduction in w^avclength, to 
thereby improve the resolution.—. 

Please substitute the paragraph beginning at page 1, line 26 and ending at page 
2, line 15. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 



—The emission spectrum of an cxcimcr laser, in a case of a KrF excimer laser, 
for example, is about 300 pm (full width at half maximum), and this is sufficiently small as 
compared with the full w idth wa\ elcngth of light from conventional ultra-high pressure Hg 
lamps. Taking the quality into account, the optical material usable in a reduction projection lens 
of an exposure apparatus which uses light in the deep ultraviolet region might be synthetic quart/ 
or fluorite only. For this reason, taking chromatic aberration into account, e\ en with a spectral 
band width of 300 pm^ which is sufficiently small as compared with that of ultra-high pressure 
Hg lamps, the band width has to be reduced (band-nanowed) further by about two digits. 
Namely, the full width at half maximum has to be not greater than 3 pm (0.003 nm).--. 

Please substitute the paragraph beginning at page 2, line 16 and ending at line 
26. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

--For a reduction of the spectral band width, generally, a band naiTow ing unit 
having a dispersion element such as an etalon or grating is used to band narrow a laser light to a 
spectral band width of about 1 pm. While the emission center wavelength of the thus band 
narrowed laser light may differ w ith the laser medium used, usually a wavelength which is in the 
vicinity of the emission gain by w hich a maximum output is obtainable is selected. I- or example, 
in a case of a KrF excimer laser, it is close to 248.35 nm^ which is the center of the emission 
gain.- 

Pleasc substitute the paragraph beginning at page 2, line 27 and ending at page 
3, line 7. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 




—On the other hand, recent semiconductor de\ ice manufacturing apparatuses 
are required to provide a high resohition and yet a high throughput. GeneralK', the resoUition 
depends on the numerical aperture (N.A.) of a projection lens system. Further, for a higher 
throughput, the size of a chip has become larger. This necessitates a projection lens system 
having a large N.A. and yet a wide field angle.—. 

Please substitute the paragraph beginning at page 3, line 8 and endmg at line 
23. A marked-up copy of this paragraph, showing the changes made thereto, is attached, 

—However, enlargement of the N.A. or the field angle of a projection lens 
system directly leads to a difficulty in lens design. Also, it results in a narrowed tolerance to 
production, makmg the lens manufacture more difficult. For the manufacture of a projection lens 
system, generally, a number of lenses are combined into a projection lens, and trial printing tests 
are carried out by using that projection lens system. Aberrations of the projection lens system 
are detected on the basis of the results of trial printing, and correction of the lens system is 
performed. However, this process needs the skill of an operator and takes much time. Thus, the 
throughput is low. Also, it is practically difficult to correct all products (projection lens systems) 
precisely and exactly.--. 

Please substitute the paragraph beginning at page 3, line 24 and ending at page 
4, line 1 8. A marked-up copy of this paragraph, show ing the changes made thereto, is attached. 
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—As for a method of quantitalively measuring the perfomiance of a projection 
lens system having a combination of a number of lenses, there is a method in which an 
interferometer is used to detect aberrations and, on the basis of the detection, the lens system is 
corrected, interferometers use a laser as a light source. However, in a case where an excimer 
laser is used in an exposure apparatus as a light source, there would be no laser source which is 
suitably usable in an interferometer and which has the same wavelength as that of the excimer 
laser. The excimer laser of the type used in the exposure apparatus may be used as a light source 
for the interferometer. However, the coherency of excimer lasers is not high, and they are not 
suited to be used as a light source of an interferometer. Additionally, because excimer outputs is 
difficult to attain. Thus, with an interferometer using an excimer laser, it is difficult to obtain 
good precision in inspection of the performance of a high-quality projection lens system having a 
large N.A. and/or a large field angle.—. 

Please substitute the paragraph beginning at page 4, line 19 and ending at page 
5, line 1. A markcd-up copy of this paragraph, showing the changes made thereto, is attached. 

—Gas lasers such as a He-Ne laser have good coherency and they provide 
continuous w ave emission. Thus, gas lasers may suitably be used as a light source of an 
interferometer. However, their wavelength differs considerably from that of excimer lasers. 
Thus, while taking chromatic aberration or film characteristics into account, it is difficult to use 
gas lasers for inspection of a projection lens system designed for use with the w avelength of an 
excimer laser.-. 




Please substitute the paragraph beginning at page 5, line 2 and ending at 
linel3. marked-up copy of this paragraph, showing the changes made thereto, is attached. 

--In the vicinity of 248.35 nm^ w hich is the center w avelength of an ordinary 
KrF excimer laser, there is a double harmonic wave (a wave having a wavelength a hall\if its 
original w avelength) of an argon ion laser, w hich can be produced by using a secondary 
harmonic wave producing element. However such hamionics have a wavelength of about 100 
pm^ which is quite different from that of the KrF excimer laser. Thus, it cannot be used as a light 
source for an interferometer for inspection of a projection lens system designed for use w ith a 
band narrowed excimer laser.—. 

Please substitute the paragraph beginning at page 5, line 20 and ending at line 
27. A marked-up copy of this paragraph, showing the changes madi^lhereto, is attached. 

—In accordance with an aspect of the present invention, there is provided an 
exposure apparatus, comprising: irradiating means for projecting pulse light to a mask; and a 
\ V projection optical system for projecting a pattern of the mask onto a substrate, wherein the pulse 
light has an adjusted wavelength such that it substantially coincides with a wavelength of laser 
light of a continuous wave.—. 

Please substitute the paragraph beginning at page 6, line 15 and ending at line 
24. A marked-up copy of this paragraph, showing the changes made thereto, is attaclied. 

- () - 



--In accordance with a yd further aspect of the present in\'ention, there is 
provided a device manufacturing method, comprising the steps of: providing a hght source 
adapted to supply pulse light; and projecting the pulse light to a mask so that a pattern of the 
mask is projected through a projection optical system to a substrate, wherein the pulse light has 
an adjusted wavelength such that it substantially coincides with a wavelength of laser light of a 
continuous wave.—. 

Please substitute the paragraph beginning at page 6, line 25 and ending at page 
7, line 1 . A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

-- The projection optical system to be used in the present invention may 
include a lens assembly, a mirror assembly or a combination of a concave mirror and a lens 
assembly.—. 

Please substitute the paragraph beginning at page 8, line 3 and ending at line 
24. A marked-up copy of this paragraph, show ing the changes made thereto, is attached. 

-Figure 1 is a schematic and diagrammatic view of a main portion of an 
exposure apparatus according to a first embodiment of the present invention. Denoted in the 
drawing at 1 is light source means which comprises, for example, a KrF excimer laser for 
providing pulsed laser light. This excimer laser 1 provides pulse light of a w avelength of about 
248 nm in the deep ultraviolet region. Denoted at 12 is a band narrowing unit which includes a 
band narrowing element^ such as an elalon or grating, for example, for band narrow ing the laser 
light from the excimer laser 1 . L^enoted at 3 is a wa\'e meter for detecting the wa\ elength of 



pulse light from the excimer laser 1, and denoted at 4 is a beam shaping optical system w hich 
serves to expand the beam diameter of the laser light. Denoted at 5 is an illumination optical 
system for unifonnly illuminating a device pattern on the surface (surface to be illuminated) of a 
reticle R, placed on a reticle stage 10, with the laser light from the beam shaping optical system 
4. Through this illumination optical system 5, the reticle surface is illuminated with a uniform 
illuminance distribution.—. 

Please substitute the paragraph beginning at page 8, line 25 and ending at page 

9, line 10. A marked-up copy of this paragraph, show ing the changes made thereto, is attached. 

-Denoted at 6 is a projection optical system (projection lens system) for 
projecting, in a reduced scale, the circuit pattern (device pattern) on the reticle R surface onto the 
surface of a waver W placed on a wafer stage 7. Denoted at 9 is a controller w hich is operable to 
set and control various process conditions necessary for the projection exposure of the wafer W 
surface. Denoted at 1 1 is a laser controller for controlling the light source means 1 and the band 
narrowing unit 2 in accordance with the process conditions, set by the controller 9, so that the 
light source I provides pulse laser light of a predetermined w avelength.—. 

Please substitute the paragraph beginning at page 9, line 24 and ending at page 

10, line 1 1 . A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

-The emission conditions may include the energy of laser light per pulse, the 
emission frequency and the emission center wa\ elength, for example. The center wavelength of 
the laser light to be emitted may be at a level as automatically set by the laser controller 1 1, or it 



may be al a le\'cl once set by the controller 9 and then transmitted to the laser controller 1 1 . The 
laser controller 1 1 continuously monitors the emitted laser light by use of the \va\ e meter 3 so 
that the emission wavelength from the excimer laser 1 is maintained at the set emission 

i 

\ wavelength. Also, the laser controller 1 1 controls the band narrow ing element (not shown) 

within the band narrowing unit 2, so that the wav elength of the pulse laser light is controlled at 
the set wavelength.—. 

Please substitute the paragraph beginning at page 10, line 12 and ending at line 
25. A marked-up copy of this paragraph, show ing the changes made thereto, is attached. 

--As regards the center w^'avelength to be set by the controller 9, in this 
embodiment, in a case where the light source means 1 used in the exposure apparatus comprises 
a KrF excimer laser, it is set at a wavelength 248.25 nm^ which corresponds to the w avelength of 
^ the double or secondary harmonics of an argon ion laser (wavelength 496.5 nm) of a continuous 

emission type. While an argon ion laser has sev eral emission lines, a wavelength of double 
hamionics of 496.5 nm having a relatively high power is close to the emission wavelength of the 
KrF excimer laser. Thus, the wavelength of exposure light in the exposure apparatus of this 
embodiment is adjusted or registered with that wavelength.-. 

Please substitute the paragraph beginning at page 10, line 26 and ending at 
page 1 1, line 10. A marked-up copy of this paragraph, showing the changes made thereto, is 
attached. 
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—The wa\ clength by which a maximum output is obtainable from the excimer 
laser 1, having been band narrow ed by the band narrowing unit 2, is about 24cS.35 nni w hich is at 
the center of the gain. Thus, setting the emission wavelength of the excimer laser 1 at 248.25 nm 
results in a de\'iation of the wax elength by about 0.1 nm fro the w avelength by which a 

/ maximum output is obtainable. However, according to experiments made by the inv entors of the 

\ S 

' subject application, a relation such as illustrated in Figure 2 has been obtained between the laser 

emission wavelength and the output.—. 

Please substitute the paragraph beginning at page 1 1, line 1 I and ending at line 
22. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

1: 

-More specifically, it has been found that, in a band narrow ed KrF excimer 
laser, even if the set emission wavelength deviates by an order of 0. 1 nm from the w avelength by 
^\ which a maximum output is attainable, there occurs only a small drop in output of about a few 

percent. Generally, in exposure apparatuses, a large decrease in output leads to reduced 
illuminance on an image plane or degraded resolution, and it causes a serious problem. 
However, the small decrease of output found by the inventors can be easily compensated for by 
setting the optical system appropriately.—. 

Please substitute the paragraph beginning at page 1 1 , line 23 and ending at 
page 12, line 1 3. A marked-up copy of this paragraph, show ing the changes made thereto, is 
attached. 
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-In this cmbodimenl, the design \va\'clcnglh of the projection optical system b 
and the emission wavelength of the hght source means 1 are registered with the w ax elength of a 
high coherency and a continuous emission laser light source, for example, the wavelength of 
double harmonics (continuous wav e) of laser light from an argon ion laser. Namely, the 
^ emission wavelength of the excimcr laser is adjusted and registered with the w avelength of light 
from an argon ion laser. Several methods are applicable to registration of the wax elength to 
these lasers (the argon ion laser is provided with hannonic wave producing means).--. 

Please substitute the paragraph beginning at page 12, line 1 and ending at page 
13, line 1 8. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

—Figure 4 is an embodiment of an interferometer system, w herein the emission 
wavelength of a KrF excimer laser for providing pulse light with a center wavelength 248.25 nm, 
\ to be used in an exposure apparatus, is adjusted and registered with the wavelength of a double 

harmonics of a continuous emission type argon ion laser the optical performances of the 
projection optical system 6 is measured. In Figure 4, the laser light of a wavelength 496.5 nm 
from the argon ion laser 29 is w avelength-trans fonned by a wavelength transforming dc\ ice 28, 
whereby a secondary harmonic wave (wavelength 248.25 nm) as the same or substantially the 
same wavelength of the KrF excimer laser is produced. It is then directed to a collimator lens 16 
by which it is shaped into a desired beam diameter. Then, the light impinges on a half mirror 
25.-. 
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Please substitute the paragraph beginning at page 12, line 27 and ending al 
page 13, line 18. A markcd-up copy of this paragraph, showing the changes made thereto, is 
attached. 

--Figure 4 shows an embodiment of an interferometer system, wherein the 
emission w avelength of a KrF excimer laser for providing pulse light with center wax elength 
248.25 nm, to be used in an exposure apparatus, is adjusted and registered with the wax elength 
of a double hamionics of a continuous emission type argon ion laser 29, hav ing high colierency, 
and wherein by using the secondary hamionic wave from the argon ion laser, the optical 
perfomiance of the projection optical system 6 is measured. In Figure 4, the laser light of a 
wavelength 496.5 nm from the argon ion laser 29 is wavelength-transfomied by a w avelength 
transfonning device 28, whereby a secondary harmonic wave (wavelength 248.25 nm) of the 
same or substantially the same wavelength of the KrF excimer laser is produced. It is then 
directed to a collimator lens 26 by which it is shaped into a desired beam diameter, fhe, the ligl 
impinges on a half mirror 25.-. 

Please substitute the paragraph beginning at page 13, line 19 and ending at 
page 14, line 2. A marked-up copy of this paragraph, showing the changes made thereto, is 
attached. 

-The half miiror 25 reflects a portion of the received laser light, and this 
portion of the light is collected by a collimator lens 21 and is directed to the projection optical 
system 6. The projection optical system 6 collects the received light, and the collected light is 
then reflected by a spherical mirror 20 such that the light goes back along its oncoming path, th 



^ ( light then passes the half mirror 25, and by means of an ima^inu lens 23^ the light is projected on 
the surface of a CCD camera 24, as measurement light,--. 



Please substitute the paragraph beginning at page 14, line 3 and ending at line 
1 1 . A marked-up copy 6f this paragraph, Rowing the changes made thereto, is attached. 

-On the other hand, the remaining portion of the laser light impinging on the 
^ ^ ^ half mirror 25 passes it. The remaining portion of the light, transmitted through the half mirror 
25, is reflected by a reference mirror 22 such that the light goes back along its oncoming path. 
The light is then reflected by the half mirror 25 and, by means of the imaging lens 23, it is 
projected on the surface of the CCD camera 24 as reference light.-. 



Please substitute the paragraph beginning at page 14, line 12, and ending at 
line 27. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

-The image is formed on the camera 24, based on the two light fluxes of 
measurement light and reference light provides an interference fringe (resulting from interference 
between the two light fluxes) which bears information related to aberration, for example, of the 
projection optical system 6. The interference fringe is analyzed by an image processing system 
27, by which aberrations and the like of the projection optical system 6 are detected. Based on 
this detection, the optical performance of the projection optical system 6 is measured. Thus, the 
optical performance of the projection optical system can be well adjusted on the basis of the 
stabilized laser light as has been described, such that high resolution pattern printing is assured 
with the thus adjusted projection optical system.-. 
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Please subslilLite the paragraph beginning al page 15, line 1 and ending at line 
5. A marked-iip copy of this paragraph, showing the changes made thereto, is attached. 

"Next, an embodiment of a dex ice manufacturing method which uses an 
exposure apparatus as has been described in the foregoing, will be explained. In this 
embodiment the invention is applied to the manufacture of semiconductor de\ ices.--. 



Please substitute the paragraph beginning at page 15, line 6 and ending at line 
14. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 
. o n -Figure 5 is a flow chart of the sequence of manufacturing a semiconductor 

device^ such as a semiconductor chip (e.g., IC or LSI), a liquid crystal panel or a CCD, for 
example. Step 1 is a design process for designing the circuit of a semiconductor dev ice. Step 2 
is a process for manufacturing a mask on the basis of the circuit pattern design. Step 3 is a 
process for manufacturing a wafer by using a material such as silicon.-. 



Please substitute the paragraph beginning at page 1 5, line 1 5 and ending at line 
21 . A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

-Step 4 is wafer process which is called a pre-process wiierein, by using the so 
prepared mask and wafer, circuits are practically fomied on the wafer through lithography. Step 
5 subsequent to this is an assembling step \wh\ch is called a post-process, wherein the w afer 

:'^}^ 

processed by step 4 is fomied into semiconductor chips. This step includes assembling (dicing 
and bonding) and packaging (chip scaling). Step 6 is an inspection step wherein an operability 
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check, a durability check, and so on, of the scmiconduclor de\ ices produced by step 5 are carried 
out- With these processes, semiconductor devices are finished and they are shipped (step 7).--. 

Please substitute the paragraph beginning at page 16, line 27 and ending at 
page 17, line 13. A marked-up copy ofthis paragraph, showing the changes made thereto, is 
attached. 

-Further, while in the foregoing embodiments, the wavelength of a secondary 
harmonic wave of an argon ion laser is applied as the measurement wavelength of an 
interferometer, if the design wavelength of a projection optical system differs from that of the 
embodiments, the measurement wavelength should be changed with respect to the design 
wavelength. In that case, the w avelength of a secondary harmonic wave or tertiary harmonic 
wave of laser light from an argon laser or from any other gas laser may be used as the 
measurement wavelength, and the wavelength of a pulse light source to be used for the exposure 
process may be adjusted and registered to the measurement wavelength.--. 

Please substitute the paragraph beginning at page 17, line 14 and ending at line 
1 8. A marked-up copy of this paragraph, showing the changes made thereto, is attached. 

—Further, in the foregoing embodiments^ the invention has been described with 
reference to a step-and-repeat type exposure apparatus (stepper). However, the invention is 
applicable also to a step-and-scan type scanning exposure apparatus.-. 



